Introduction {#s0001}
============

Esophageal cancer is one of the most common malignant tumors in humans, with the mortality ranking the 6th in the world.[@cit0001] Squamous cell cancer is the most common histological subtype, accounting for approximately 95% of esophageal carcinoma cases in east Asian countries such as China and Japan.[@cit0002] The 5-year overall survival rate is about 18%, with the poor prognosis for esophageal cancer.[@cit0003] The high mortality is closely related to tumor invasion and metastasis. Lymph node metastasis (LNM) is the most common way of esophageal cancer metastasis, and it is also an important factor in evaluating the prognosis of esophageal cancer patients.[@cit0004] Surgery is a cornerstone of the curatively intended treatment, and the selection of surgical methods for esophageal cancer or determining the extent of lymphadenectomy depends largely on whether the tumor is associated with LNM or not.[@cit0005],[@cit0006] Hence accurate identification of LNM status plays a crucial role in determining treatment strategies as well as prognostic outcomes. There is an urgent need to identify novel biomarkers that can help to select patients with a high risk of lymph node metastasis in esophageal squamous cell carcinoma. Such biomarkers could provide clinical clues that can be used for the individualization of treatment.

Tumor cells are disseminated throughout the body via the bloodstream, but only in the congenial microenvironment can metastases develop.[@cit0007] Cancer-associated fibroblasts (CAFs) are one of the most common tumor stromal cells in the tumor microenvironment. By secreting cytokines, growth factors, chemokines, and extracellular matrix-degrading enzymes, it promotes inflammatory pathways, disrupts immune surveillance, rebuilds extracellular matrix, forms tumor niche, and promotes the growth and metastasis of tumor cells.[@cit0008],[@cit0009] FAP-α is an important surface marker of CAFs and belongs to the family of prolyl-specific serine proteases.[@cit0010] It has been demonstrated to have pro-tumorigenic activity, and highly upregulated in a wide variety of cancers, but not detected in normal adult tissues.[@cit0011] FAP-α was shown to predict survival, for example, high FAP-α being a marker for poor survival in oral squamous cell carcinoma, gastric cancer, and pancreatic ductal adenocarcinoma.[@cit0012]--[@cit0014] Subsequently, another study investigated the role of epithelial FAP-α in distal cholangiocarcinoma and found that positive of this marker protein correlates with better survival.[@cit0015]

However, the relationship between FAP-α expression and lymph node metastasis and prognosis of esophageal squamous cell carcinoma remains unclear. This study aimed to assess the relation of stromal FAP-α expression to lymph node metastasis and overall survival in patients with ESCC.

Materials and Methods {#s0002}
=====================

The study was approved by the Research Ethics Committee of Bengbu Medical College. The need for informed consent was waived by the Research Ethics Committee because the study was retrospective and some patients had already been dead. Under the Declaration of Helsinki, patient data was maintained with confidentiality.

Operated Esophageal Specimens {#s0002-s2001}
-----------------------------

All patients had undergone surgical resection for ESCC at First Affiliated Hospital of Bengbu Medical College from 2012 to 2016. For this study, the following criteria were required for inclusion: surgery with the radical operation, histopathologically confirmed ESCC, the pathological stage was T~3~N~0--3~M~0~, the degree of differentiation was G2, no history of neoadjuvant treatment, no early (30-d) postoperative mortality, complete clinical information, complete follow-up information, formalin-fixed paraffin-embedded tissue from primary resection available in the archives at the Department of Pathology, First Affiliated Hospital of Bengbu Medical College. Ten resected noncancerous esophageal specimens were obtained from the same batch of ESCC patients as controls. Tumor staging was based on the American Joint Committee on Cancer eighth edition. Follow-up data were obtained from clinical records and telephone interviews. Survival time was defined as the interval between time from surgery and death or the last visit to the outpatient clinic up to October 31, 2019.

Reagent {#s0002-s2002}
-------

The neutralizing antibodies were as follows: Anti-fibroblast activation protein, alpha-antibody ab53066 was supplied from Abcam. Immunochromogenic reagent (EliVision plus rat/rabbit) was purchased from Fuzhou Maixin biotechnology development Co. LTD.

Immunohistochemistry {#s0002-s2003}
--------------------

Fibroblast activating protein-α in ESCC tissue sections was stained with Ab53066 by immunohistochemistry. It was fixed with a 4% formalin solution, embedded in paraffin, sliced to 4um thickness continuously, baked slices, dewaxed in the corresponding solution and washed, and reduced the antigen in the buffer by heat-mediated. The samples were incubated with the primary antibody (1/50 in antibody dilution) at 21 °C for 30 minutes. Undiluted HRP-conjugated goat anti-rabbit IgG polyclonal antibody was used as the secondary antibody. The specific operation steps are carried out according to the kit instructions.

Evaluation of Immunoreactivity {#s0002-s2004}
------------------------------

Assessment of immunohistochemical staining was evaluated by two independent pathologists who were blinded to the clinicopathological parameters and clinical outcomes of the patients. The presence/absence of FAP-α was evaluated in the stromal fibroblasts adjacent to neoplastic nests. The number of FAP-α positive‐staining cells showing immunoreactivity in 5 microscopic fields (100 such cells for every 400×high-power visual field) was counted and the percentage of positive cells was calculated. The percentage scoring of immunoreactive tumor cells was as follows: 0 (0--5%), 1 (6--25%), 2 (26--50%), 3 (51--75%), and 4 (\>75%). The staining intensity was visually scored and stratified as follows: 0 (negative), 1 (weak), 2(moderate), and 3 (strong). A final immunoreactivity score (IRS) was obtained for each case by multiplying the percentage and the intensity score. 0 was negative (-), 1--4 was weakly positive (+), 5--8 was moderate positive (++), and 9--12 was strongly positive (+++). The moderate positive and strong positive was used to define the high expression group and negative and weak positive was used to define low expression group.

Statistical Analysis {#s0002-s2005}
--------------------

The software of SPSS version 23.0 for Windows was used for statistical analysis. Values are given as mean ± standard deviation. Chi-square test or Fisher's exact test when appropriate for categorical variables. Patient survival and their differences were determined by Kaplan--Meier curves and Log rank tests. A Variable selection of covariables was performed using a forward elimination procedure (removal limit p\<1). Variables considered as covariables were age, gender, tumor location, lymph node metastasis, chi-square test was used to analyze the correlation between FAP-α expression in tumors stromal, and lymph node metastasis of ESCC. Patient survival and their differences were determined by Kaplan--Meier curves and Log rank tests. Cox regression (proportional hazard model) was adopted for the multivariate analysis of prognostic factors. All tests were two-sided and a p-value of less than 0.05 was considered to be significant.

Results {#s0003}
=======

Patient Characteristics {#s0003-s2001}
-----------------------

A total of 121 patients were included in the study. Until follow-up time, 73 patients (64%) had died of the disease. The median follow-up time was 49 months with a range between 2 and 91 months. Clinical and pathological data of the selected samples are summarized in ([Table 1](#t0001){ref-type="table"}). Males predominated in the series (The cohort consisted of 95 males and 26 females). The age span ranged from 40 to 78 years with a mean age was 64±7.9years. All cases were middle differentiation (G2) and locally advanced (pT~3~N~0--3~ M~0~). None of the patients underwent preoperative chemotherapy, but 53 (43.8%) patients underwent postoperative chemotherapy or (and) radiotherapy. The median survival was 28 months.Table 1Association of FAP-α Expression with Clinicopathological Factors in 121 ESCC PatientsCategoryCases (Number, %)FAP-α ExpressionP-value\*Low (n=?)High (n=?)Age (years)0.36 \<6563 (52.1)4221 ≥6558 (47.9)3424Gender0.093 Male95 (78.5)5639 Female26 (21.5)206Tumor location ^\#^0.217 Middle72 (59.5)4230 Lower49 (40.5)3415Lymph node0.023\*\* Metastasis51 (42.1)3813 Negative70 (57.9)3832 PositiveTotal1217645[^2]

FAP-α Expression in ESCC Tissues {#s0003-s2002}
--------------------------------

To understand the overall FAP-α expression in ESCC, 121resected ESCC specimens, and 10 adjacent normal tissue were analyzed by immunohistochemistry. The results demonstrated that no FAP-α expression was detected in adjacent normal tissue in resected ESCC tissues ([Figure 1A](#f0001){ref-type="fig"}). However, the expression of FAP-α was found predominantly in stromal cells and slightly in cancer cells in resected ESCC tissues. In the present study, we focused on stromal FAP-α expression in terms of the effect of stromal FAP-α expression on lymph node metastasis in esophageal squamous cell carcinoma. Stromal FAP-α expression was detected in 82.6% (100/121) of the specimens of ESCC, with the intensity being weak in 55 ([Figure 1B](#f0001){ref-type="fig"}), moderate in 40 ([Figure 1C](#f0001){ref-type="fig"}), and strong in 5 specimens ([Figure 1D](#f0001){ref-type="fig"}). In 17.4% (21/121) samples, FAP expression was negative ([Figure 1E](#f0001){ref-type="fig"}). The stromal FAP-α expression was classified as high in 45 (37.2%) and low in 76 (62.8%).Figure 1Expression of fibroblast activation protein- alpha (FAP-α) in ESCC. Panels (**A**) Shows no FAP-α expression in stromal fibroblasts of normal adjacent normal tissue (×400). Panels (**B**) Shows stroma FAP weak positive expression (×400). Panels (**C**) Show stroma FAP moderate positive expression (×400). Panels (**D**) Show stroma FAP strong positive expression (×400). Panels (**E**) shows stroma FAP-α negative expression (×400). Scale bar= 100μm.

Association of FAP-α and Clinicopathologic Variables {#s0003-s2003}
----------------------------------------------------

A chi-square test revealed that high expression of FAP-α was significantly correlated with lymph node status. To analyze the correlation between FAP expression and the degree of lymph node metastasis, we obtained Spearman's rho of 0.152 and P-value of 0.208 by Spearman's rank correlation coefficients which showed that the correlation coefficient was not statistically significant and FAP expression was not correlated with the degree of lymph node metastasis. There was no statistically significant difference between high and low FAP-α expression in stromal concerning age, gender, tumor location ([Table 1](#t0001){ref-type="table"}).

FAP-α Expression and Association with Survival {#s0003-s2004}
----------------------------------------------

The correlation of FAP-α expression and survival was determined using a Cox proportional hazards model. Analyses by univariate Cox regression showed that among different clinicopathological variables, FAP-α expression and lymph node status were significant prognostic factors for 5-year overall survival and disease-free survival for ESCC ([Table 2](#t0002){ref-type="table"}). Multivariate cox regression analyses showed that lymph node metastases and high expression of FAP-α remained independent prognostic factors for survival ([Table 3](#t0003){ref-type="table"}). Compared with the FAP-α low expression group, the FAP-α high expression group has a higher risk of death with the hazard ratio (HR) was 1.833 (95% confidence interval (CI) 1.144 to 2.937; p=0.012). Lymph node metastasis was found to have an even higher predictive value for survival according to Cox regression analyses with the HR was 2.471 (95% CI 1.476 to 4.136; p=0.001).Table 2Univariate Analysis of Risk Factors for Prognosis of 121 ESCC PatientsDFSOSP valueHR95% CIP valueHR95% CIAge (≤65, \>65years)0.3281.2520.798--1.9640.6241.1230.707--1.782Gender (female, male)0.9131.0300.600--1.7690.9091.0330.593--1.801Tumor location (up/middle, low)0.7061.0450.831--1.3140.9921.0020.626--1.606Lymph node metastasis (negative, positive)0.001\*\*2.2271.394--3.6940.000\*\*2.6251.574--4.377FAP-α expression (low, high)0.003\*\*1.9941.263--3.1470.003\*\*2.0091.259--3.205[^3] Table 3Multivariate Cox Regression Analysis of Clinicopathological Factors for Risk Prediction in 121 ESCC PatientsFactorRisk95% CIP valueLymph node metastasis2.4711.476--4.1360.001\*\*FAP-α expression1.8331.144--2.9370.012\*\*[^4]

Kaplan--Meier analysis with associated Log rank test showed that the overall survival and disease-free survival of patients with FAP-α high expression group were significantly lower than that of FAP-α low expression group (mean survival time, 26.5 vs. 52.9 months, P =0.002) ([Figure 2A](#f0002){ref-type="fig"} and B). In the lymph node cancer-free case, stromal FAP-α expression is not a prognostic factor for overall survival and disease-free survival ([Figure 2C](#f0002){ref-type="fig"} and D). However, stromal FAP-α high expression as significant factors associated with poor overall survival and disease-free survival in lymph node metastasis group ([Figure 2E](#f0002){ref-type="fig"} and F).Figure 2Kaplan--Meier analyses of the disease-free survival and overall survival of ESCC patients divided into high and low groups based on their expression levels of FAP. (**A, B**) In all cases, the overall survival and disease-free survival of patients with FAP-α high expression group were significantly lower than that of FAP-α low expression group (P\< 0.05). (**C, D**) In the lymph node cancer-free case, the overall survival and disease-free survival of FAP-α high expression group were not significantly lower than those of FAP-α low expression group (P\> 0.05). (**E, F**) In the lymph node metastasis case, the overall survival and disease-free survival of patients with FAP-α high expression group were significantly lower than that of FAP-α low expression group (P\< 0.05). \*\*P\< 0.05 by Log rank test.**Abbreviation:** ns, not significant.

Discussion {#s0004}
==========

Esophageal cancer frequently shows a high degree of invasiveness and is associated with a high rate of lymph node metastasis. Lymphadenectomy includes a traditional two-field, improved two-field, and three-field lymph node dissection. Radiation therapy includes involved-field irradiation and Elective nodal irradiation. However, three-field lymph-node dissection or elective nodal irradiation had not improved the prognosis.[@cit0016],[@cit0017] Patients with esophageal squamous cell carcinoma still have a poor prognosis. There are no reasonable criteria for selecting patients who will benefit from more radical treatments. Continuous exploration of biomarkers that can predict lymph node metastasis and prognosis of esophageal cancer is a priority for medical researchers.

FAP-α is expressed in the reactive CAFs has been recognized as highly responsible for cancer growth and metastasis. FAP-α is a homodimer type II integral membrane prolyl-specific serine protease belonging to the dipeptidyl peptidase (DPP) family.[@cit0018] The human FAP-α gene is located at 2q23 of chromosome 2 and encodes FAP-α.[@cit0019] FAP-α features an eight-bladed β-propeller domain and an α/β hydrolase domain which characterized by the catalytic site sequence glycine-tryptophan-serine-tyrosine-glycine.[@cit0020] FAP-α is most closely related to DPP IV, displaying around 50% homology in sequence and a 70% similarity in the catalytic region.[@cit0021]

FAP-α has post-proline exopeptidase activity and gelatinase activity that regulates tumor growth and invasiveness through mechanisms that are dependent and independent of its catalytic activity.[@cit0022] For example, FAP-α may form a heterodimer complex with its homologous enzyme DPPIV, which allows fibroblasts to migrate and promotes the degradation of extracellular matrix (ECM), thereby promoting cancer cell invasion.[@cit0020] FAP-α regulates tumor growth and invasiveness through increasing angiogenesis and by reducing the antitumor response of the immune system mediated by the signal transducer and activator of transcription 3 (STAT3)/C-C motif chemokine ligand 2 (CCL2) signaling pathway.[@cit0023] FAP-α can mediate tumorigenic cell behaviors through phosphatase and tensin homolog (PTEN)/FAP-α signaling pathway.[@cit0013] FAP-α has a role in cell--ECM interactions through classical integrin-signaling pathways and promotes adhesion and migration.[@cit0024] At present, the mechanism of FAP-α promoting lymph node metastasis has not been revealed yet. Lymphatic metastasis occurs by permeation of tumor cells into intratumourous lymphatics, and subsequently reaching proximate lymph nodes, a process crucially depending on lymphangiogenesis. Chen et al demonstrated a positive association between FAP-α expression and lymphatic vessel density in squamous cell carcinoma of the lung.[@cit0025] Cheng et al demonstrated that CAFs density in ESCC correlated significantly with increased tumoral lymphatic vessel density.[@cit0026] VEGF-C and VEGF-D were also shown to be associated with tumor lymphangiogenesis and lymph node metastasis.[@cit0027] Since CAFs could release VEGF to stimulate the formation of a vascular network, CAFs may induce lymphangiogenesis via the same mechanisms, then facilitate the dissemination of tumor cells into lymph nodes.

There are indications that high FAP-α expression is associated with higher tumor grade and poorer overall survival rate in most tumors. A meta-analysis including 9 kinds of solid tumors reported that high FAP-α expression is related to poor overall survival.[@cit0011] In oral squamous cell carcinoma, high FAP-α expression correlated to lymph node metastasis and poor overall survival.[@cit0013] In gastric cancer, high stromal FAP-α expression was reported to correlate with adverse clinic-pathological characteristics including higher grade, lymph node, and peritoneal invasion, advanced TNM stage, and worse overall survival.[@cit0020],[@cit0028] The intensity of stromal FAP-α expression was correlated to the high histological differentiation and reduced survival of pancreatic ductal adenocarcinoma.[@cit0012] In ovarian cancer, high FAP-α was significantly associated with shorter disease-free survival.[@cit0029] These results indicate that FAP-α plays a more critical role in disease progression and outcome.

Currently, research on FAP-α in esophageal squamous cell carcinoma is still limited. Higashino et al reported that FAP-α expression in the ESCC stroma is correlated with the depth of tumor invasion, lymph node metastasis, advanced pathological stage, and poor disease-free survival.[@cit0030] However, Ha et al reported that FAP-α was not a significant prognostic factor for overall and disease-free survival in patients with ESCC.[@cit0031] The reasons for this discrepancy are as follows:In addition to the differences in measurement methods, the two reports have different proportions of T stages and differentiation degrees, which may lead to different final results. Kashima et al demonstrated that FAP-α positive stromal cells correlate with lymph node metastasis and prognosis in ESCC.[@cit0032] This conclusion is also consistent with Higashino N's research.

The purpose of this study was to investigate the relationship between FAP-α expression and lymph node metastasis and prognosis of esophageal squamous cell carcinoma. To eliminate the effects of T stage and differentiation on FAP-α expression, all cases were middle differentiation (G2) and locally advanced (pT~3~N~0--3~ M~0~). Noteworthy, the cohort was not balanced for males and females. However, statistical analyses revealed that FAP-α expression did not depend on gender, and thus, no bias should be introduced. Among all investigated clinicopathological characteristics, the overexpression of FAP-α is significantly associated with a higher rate of lymph node metastasis. The univariate and multivariate analyses showed that among all investigated clinicopathological characteristics, only FAP-α density and lymph node status were potential independent survival predictors of ESCC. FAP-α abundance or lymph node metastasis negatively correlated with overall survival.

In this study, stromal FAP-α expression was evident in a majority of ESCC samples but was absent in adjacent normal tissue. The proportion of samples positive for stromal FAP-α expression was significantly higher in lymph node metastasis (N1--3) as compared to primary tumors (N0), suggesting that FAP-α expressing stroma might be essential during ESCC progression. The findings suggest that FAP-α may potentially be used as a biomarker for selecting treatment strategies.

FAP-α inhibition is often considered a potential therapeutic target for tumor diseases. FAP-α activity is inhibited by general serine-protease inhibitors and boronic acid peptides.[@cit0033] Boronic acid derivatives are reversible covalent inhibitors of serine proteases, so most FAP-α inhibitors contain boric acid groups. PT-100 (talabostat, linagliptin) is the dual DPP IV/FAP-α inhibitor, which inhibits 90% of DPP IV-like exopeptidase activity, but only 20% of the FAP-α endopeptidase activity.[@cit0034] PT-100 causes tumor regression in vivo, which involves tumor-specific cytotoxic T lymphocytes and produces cytokines and chemokines that promote T cell effector function.[@cit0035] The combination of PT-100 and oxaliplatin can reduce tumor growth and improve survival enhance by enhancing the effect of chemotherapy and reducing CAF markers.[@cit0036] Compared with treatment alone, linagliptin combined with anti-programmed cell death protein 1 was used for treating transplanted tumors of gastric cancer in murine, which improved survival, reduced tumor volume, reduced collagen accumulation and enhanced the ratio of CD8+ T cells to Tregs in tumor and lymph nodes.[@cit0037] All these results have been encouraging in terms of clinical benefit. Jansen et al discovered that several structural components can produce highly specific FAP-α inhibitors with low toxicity in vivo, which may be good candidates for future preclinical studies.[@cit0038] In consequence, designing highly specific FAP-α inhibitors is not impossible.

Conclusion {#s0005}
==========

We found FAP-α to be upregulated in stromal of ESCC, as compared to absent in adjacent normal tissue. There was a significantly higher proportion of FAP-α expressing stroma present in lymph node metastasis. However, stromal FAP-α expression was associated with poor prognosis in both univariable and multivariable analyses. Further research is warranted to elucidate the functional role of FAP-α expression in ESCC stromal and validate the prognostic implication of stromal FAP-α expression identified in our cohort.
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